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Abstract 

Treatment of Cp’TaCI, with 4 equiv of phenylallylMgBr in THF afforded Cp*Ta(l-phenylallyl), (Z), whose structure was 
characterized by a single crystal X-ray study as 16-electron two legged piano stool with two ally1 moieties in supine-supine 
geometry. In this reaction, the starting Ta” complex was reduced to a Tan’ species accompanying the formation of reductive 
allyl-coupling products, diphenyl-1,5-hexadiene derivatives 3. n-Donor molecules such as carbon monoxide, tert-butyl isocyanide, 
isocyanates and isothiocyanates induced the coupling reaction of two phenylallyl groups on tantalum to give 1,6-diphenyl-1,5- 
hexadiene (3a). The intermediate Cp’Ta(tert-BuNC~,~~*,q2-l,6-diphenyl-l,5-hexadiene) (5) was characterized by ‘H NMR 
spectroscopy. Complex 2 was the catalyst precursor for the selective dimerization of isocyanates. Oxygen donor molecules such as 
DMSO and pyridine-IV-oxide reacted with 2 to afford 1: 1 adducts. One-electron oxidation of 2 with ferrocenium cation resulted in 
the formation of 1-phenyl-1-propene. The Ta’” complexes, [Cp’Ta(l-phenylallyl)z][oxidant], were obtained by the reaction of 2 
with TCNQ and DDQ. 

1. Introduction 

Ally1 complexes of transition metals have been typi- 
cal examples of organometallic complexes and have 
been found to play the key role in a number of organic 
reactions [l-31. The homoleptic ally1 complexes of Nb 
and Ta, M(C,H,),, have been reported to be thermally 
unstable above -30°C and therefore their chemistry 
has not been developed [1,4]. The introduction of a Cp 
ligand generally stabilizes these otherwise unstable 
ally1 species [5-91. Some attempts to synthesize 
CpTa(C,H,), were made without success. In general, 
the use of Cp’ remarkably improved the efficiency of 
synthesis of many of the organic derivatives of Nb 
and Ta, e.g. Cp*M(diene), (M = Nb and Ta) [lo]. 
Recently, progress in the chemistry of mono(penta- 
methylcyclopentadienyl) complexes of Group 5 metals 
has been reviewed [ll]. Here, we report the prepara- 
tion, structure, and some reactions of the mono(penta- 
methylcyclopentadienylltantalum-bisallyl complex. 
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2. Results and discussion 

2.1. Synthesis and structure of Cp’Ta(l-phenylallyl), (2) 
The reaction of Cp*TaCl, (Cp* = $-C,Me,) with 4 

equiv of C,H,MgCl produced a dark green compound 
of the empirical formula Cp*Ta(C,H,), (1) in 3% 
yield. The structure of 1 was characterized based on 
‘H-NMR data, and the mass spectrum suggested this 
to be the trimeric complex [Cp*Ta(C,H,),l,. High 
air-sensitivity and low chemical yield of 1 prevented 
further characterization. On the other hand, treatment 
of Cp*TaCl, with 4 equiv of 1-phenylallylmagnesium 
bromide in THF afforded Cp*Ta(l-phenylallyl), (2) as 
red-brown crystals in 56% yield. During the course of 
the reaction, the coupling of the ally1 ligands afforded 
1,6-diphenyl-1,5-hexadiene (3a), 1,4-diphenyl-1,5- 
hexadiene (3b), and 3,4-diphenyl-1,5-hexadiene (3~). A 
similar intramolecular coupling reaction of two penta- 
dienyl groups coordinated to CpNb has been reported 
[12]. Thus, the starting Ta” compound was reduced to 
Tam. Hydrolysis of 2 in benzene-d, resulted in the 
quantitative formation of a 1: 1 mixture of 3-phenyl-l- 
propene and 1-phenylpropane. The strong oxophilic 
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property of tantalum induced the cleavage of the H-O 
bond to form a hydrido-oxo-tantalum species [13], which 
further reduced the C-C double bond. That an in- 
tramolecular process was operative could be deduced 
by the formation of 3-deutero-3-phenyl-1-propene and 
1,2,3-trideutero-l-phenylpropane upon deutrolysis 
[14*]. 

Ph 

2 

A remarkable feature of the ‘H NMR spectrum of 2 
is that the central proton of the ally1 ligand is shifted to 
lower field, and the terminal protons are shifted to 
higher field. In the 13C NMR spectrum, the J(C-H) 
values of Cl, C2, and C3 are 145, 168, and 151 Hz, 
respectively. Recently, the a3-ally1 structure (tanta- 
labicyclobutane) for Cp;Ta(C,H,) has been proposed 
based on the high field chemical shifts and the rela- 
tively low J(C-H) coupling constants (147-149 Hz) for 
the terminal and central carbons of the ally1 group [8]. 
The 1,3-u2-ally1 structure is considered to explain the 
NMR spectral data of 2. Such a a-bond nature in 
metallacycles gives rise to the agostic interaction at the 
terminal carbon of ally1 moiety of 2 (vide infra). 

The orientation of the r-ally1 ligands allows for 
three possible isomeric structures, supine-supine, 
supine-prone, and prone-prone [15*]. In complex 2, 
variable-temperature NMR measurements showed no 
stereoisomerism and no fluxionality in solution with 
only one set of signals due to two equivalent ally1 
moieties being observed in the ‘H and 13C NMR. 
Finally, the orientation of the r-ally1 ligands in solid 
state was determined by X-ray analysis as supine- 
supine. 

A view of complex 2 is shown (Fig. 11, along with the 
atom numbering scheme. Principal bond distances and 
angles are listed in Table 1. A pentamethylcyclopenta- 
dienyl ligand is bonded in the usual $-fashion with 
average Ta-C and C-C bond distances of 2.41 and 
1.40 A, respectively. The bonding description of the 
tantalum-ally1 linkages is of particular interest. The 
tantalum atom is coordinated to two ally1 groups in the 
supine-supine mode. The related isoelectronic 
CpZr(allylXbutadiene) [16] and Cp*Hf(l,2,3-Me,- 

* Reference number with asterisk indicates a note in the list of 
references. 

Fig. 1. The crystal structure of 2. 

allylX1,2-Me,-butadiene) [17l have supine-supine and 
prone-prone geometry, respectively. The isostructural 
ally1 complexes of chromium and molybdenum, 
CpCr(ally0, and CpMo(allyl),, have the same geome- 
try as that of 2 [18]. On the other hand, Cp*zr(~~- 
allyl)Cl, has its v3-ally1 group in the prone geometry 
t191. 

The structure of 2 may also be regarded as two- 
legged piano stool when the ally1 group is considered 
as a ligand. Another example of a tantalum com- 
plex with two-legged piano stool geometry is 
(v6-C,Et,)Ta(DIPP), (DIPP = 2,6_diisopropylphen- 
oxide) [20]. 

In most transition metal ally1 compounds, the dis- 
tance between the metal and the central carbon in ally1 
moiety is generally shorter than the average distance 
between the metal and the terminal carbons in the 
same ally1 moiety [21,22]. In contrast, some early transi- 
tion metals complexes such as CpZr(allylXbutadiene) 
[16], Cp*Hf(l,2,3-Me,-allylj(l,2-Me,-butadiene) [17], 
CpMo(allyl), [18a], and lanthanide metal complexes 
such as Cp;Sm(allyl) [23] and Cp*U(methallyl), [24] 
have a geometrical arrangement in which the distance 
metal-central carbon in ally1 is longer than that of 
metal-terminal carbon atoms. In the present cas:, 
metal-central carbon distances, Ta-C(2) (2.25(3) A) 
and Ta-C(12) (2.27(3) &, are comparable with that of 
the averaged Ta-Ccterminal) bond lengths (2.25 and 

TABLE 1. Selected bond distances (A) and angles (deg) for 2 

Ta-C(1) 2.32(2) Ta-C(2) 2.25(3) 
Ta-C(3) 2.17(2) Ta-C(ll) 2.27(2) 
Ta-C(12) 2.27(3) Ta-C(13) 2.29(2) 
Ta-C(21) 2.41(l) Ta-C(22) 2.46(3) 
Ta-C(23) 2.4X2) Ta-C(24) 2.37(2) 
Ta-C(25) 2.37(3) 
C(l)-C(2) 1.46(3) W-C(3) 1.49(3) 
C(ll)-C(12) 1.41(4) C(12)-C(13) 1.28(4) 

CW-C(2)-C(3) 114(2) C(2)-C(l)-C(4) 121(2) 
C(ll)-CW-C(13) 123(2) C(12)-C(ll)-Cc141 12x2) 
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2.28 Al. In the ally1 moiety [C(l)-C(3)], increasing 
tantalum-carbon bond distances [Ta-C(3) = 2.17(2) A, 
Ta-C(2) = 2.25(3) A, Ta-C(1) = 2.32 A] and carbon- 
carbon [C(l)-C(2) = 1.46(3) A, C(2)-C(3) = 1.49(3) Al 
indicate a dissymmetry of the ally1 group having a 
tendency of conversion ~~-77~~ a feature previously 
pointed out for the structure of CpZr(allyl), [25]. The 
hydrogen atoms attached to C(1) and C(11) are fairly 
close (2.50 A, rbp [26] = 1.1) to the tantalum atom. The 
Ta-C(1 or 111-H angles (91-96”) and the small cou- 
pling constant J(C-H) (145 Hz) also indicate an agos- 
tic interaction [27]. The 16-e species is thus stabilized 
by this unique interaction. The phenyl group on the 
ally1 may also help in this case. 

2.2. Reactions of 2 with CO, tert-BuNC, RNCS, and 
RNCO 

The most prominent feature of the reactivity of 2 is 
the reductive elimination of the ally1 groups. Treat- 
ment of 2 with donor molecules such as carbon monox- 
ide, isocyanide, isocyanate and isothiocyanate induces 
the coupling reaction of phenylallyl groups to afford 
1,6-diphenyl-1,5-hexadiene (3a) in modest yield. 

L 
2P 

- [Cp’Ta] PhWPh (1) 

Carbonylation of 2 in toluene afforded 3a in 87% 
yield along with the carbonylated tantalum complex 
Cp*Ta(CO), (13% yield) and a cluster complex with 
the formula, CpjTa,(CO), [28,291. Insertion of CO 
into the Ta-C bond was not detected [30]. Compound 
3a may be formed selectively via an intermediate, 
Cp*Ta(CO),($-3-phenylallyl), (41, which undergoes 
reductive elimination to give 3a and the above car- 
bonyltantalum complexes. 

In the case of the reaction of 2 with tert-butyl 
isocyanide, we detected the intermediate Cp*Ta(tert- 
BuNC),(~*,~*-1,6-diphenyl-1,5-hexadiene) (5). Moni- 
toring of the reaction of 2 with 0.5 equiv of tert-butyl 
isocyanide in benzene-d, by ‘H NMR suggested the 
formation of an 18 electron complex 5, together with 
the starting complex 2 and the decomposed products. 
The ‘H NMR spectrum of 5 displayed two singlets 
attributable to two tert-butyl groups at S 1.17 and 1.27 
and a singlet at S 1.82 ppm due to Cp*. Furthermore, 
four signals were observed at S 1.38, 1.64, 4.78, and 
5.60 ppm, which were tentatively assigned to the pro- 
tons H3, H3’, Hl, and H2, respectively, of a 1,6-di- 
phenyl-1,5-hexadiene moiety coordinated to tantalum 
via v*-coordination of two double bonds. However, we 
could not determine the coordination mode of the 
hexadiene moiety, i.e. whether prone or supine. 

‘H NMR data of a reported mononuclear q*,~*- 
hexadiene molybdenum complex, Mo(C0),(17*,77*-1,5- 

hexadiene) (6) 1311, prepared by the reaction of 
Mo2(~2-~3-allyl)2(~3-allyl)2 with carbon monoxide sup- 
port the above assignment of the structure of 2. In 
complex 6, the allylic methylene protons are observed 
at 6 1.16 and 1.77 and the olefin proton H2 at 6 4.46 

ppm. 
Attack by a r-donor (Ll is reported to induce the 

reductive coupling of ally1 groups of CpCr(allyl), to 
give paramagnetic 17-electron chromium complexes, 
CpCr(q*,q*-1,5-hexadiene) (L) (71, in which hexadiene 
coordinates to chromium in the supine mode [18bl. 
Complex 5 is too unstable to be isolated, and all 
attempts to isolate 5 resulted in decomposition to 3a 
and unidentified tantalum complexes. In the presence 
of excess tert-butyl isocyanide, complex 2 afforded 3a 
in 78% yield. 

Complex 2 is the catalyst precursor for the dimeriza- 
tion of phenylisocyanate. In the presence of 2 (1 mol%) 
a toluene solution of PhNCO at room temperature 
afforded the dimer (83% yield) with a trace of trimer. 
The ally1 coupling product 3a was isolated in 73% 
yield. Thus, the tantalum(I) species is considered cat- 
alytically active. Dimerization of ethyl isocyanate, tert- 
butyl isocyanate, and cyclohexyl isocyanate in the pres- 
ence of 2 (1 mol%) afforded the corresponding urea 
derivatives in 69-90% yields upon hydrolysis of the 
cyclic dimer as shown in (2). 

2 (1 mol%) 
RNCO - 

toluene, r.t. 
12h ‘R 

Similarly, the reaction of 2 with excess isothio- 
cyanates such as PhNCS, EtNCS, and c-C,H,,NCS 
gave 3s in 81-92% yield, but the catalytic dimerization 
of isothiocyanate was not detected. 

Thus, the coordination of sterically less crowded 
donor molecules induces the intramolecular coupling 
reaction of ally1 moieties to afford 18-electron species 
such as 5. The further coordination of donor molecules 
releases 3a and tantalum(I) species result. In contrast, 
no interaction of 2 was observed with sterically more 
crowded donor molecules such as trialkylphosphine 
and pyridine. It is interesting that the less crowded 
donor molecules such as DMSO and pyridine-N-oxide 
can also interact with tantalum (uide infra). Thus, the 
shape of donor molecules is crucial for their ability to 
coordinate to the tantalum atom of 2, since the tanta- 
lum atom is partially shielded by Cp’ and phenylallyl 
ligands. 

2.4. Reaction of 2 with DMSO and pyridine-N-oxide 
Tantalum is generally regarded as an oxophilic ele- 

ment. Interaction of 2 with oxygen donor molecules 
such as dimethylsulfoxide and pyridine-N-oxide was 
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therefore studied. Treatment of 2 with dimethylsulfox- 
ide in toluene at room temperature resulted in the 
rapid formation of orange precipitates of Cp*Ta(l- 
phenylallyl),(DMSO) (8). The poor solubility of 8 in 
organic solvents prevented characterization except for 
elemental analysis. The reaction of 8 with 2 equiv of 
pinacol afforded the colourless bis(pinacolate) complex 
Cp’Ta(OCMe,CMe,O), (9) and 3-phenylpropene in 
quantitative yield (by NMR). Similarly, the reaction of 
pyridine-N-oxide with 2 afforded a 1: 1 adduct, whose 
further reaction with 2 equiv of pinacol also gave 9 and 
3-phenylpropene. The mass spectrum indicated that 
complex 9 is monomeric, This finding is in sharp con- 
trast to the report that the complex 
[Cp*Ta(OCH ,CH 20)2]n has a dimeric or oligomeric 
structure [321. 

2.5. Oxidation of 2 with oxidants 
When a solution of 2 in benzene-d, was exposed to 

oxygen, 3-phenyl-1-propene was formed (48% yield) 
together with unidentified tantalum residue. This is the 
oxidative elimination of an ally1 group. The reaction of 
the do-metallocene dialkyl complexes of titanium and 
zirconium with one-electron oxidants to give products 
arising from alkyl radical expulsion or alkyl elimination 
has recently been reported [33]. The C-H bond activa- 
tion of a methyl group of Cp’ is known to give a 
hydride tantalum species [34]. Therefore, hydrogen is 
migrating from one of the methyl groups during the 
elimination of the ally1 ligand to give 3-phenyl-l-pro- 
pene. 

Monitoring of the treatment of 2 with 2 equiv of 
ferrocenium cation in benzene-d, indicated complete 
disappearance of 2 within a few minutes and the for- 
mation of 1-phenyl-l-propene in 46% yield and 2 equiv 
of ferrocene. The corresponding 1: 1 reaction afforded 
l-phenyl-l-propene in 43% yield and ferrocene (1 
equiv). The tantalum moiety must be oxidized to Ta” 
and Ta’” in each case, but we found only decomposed 
tantalum complexes. 

In contrast, treatment of 2 in THF with the weaker 
one-electron oxidants DDQ and TCNQ gave the tanta- 
lum(IV) complexes, [Cp’Ta(l-phenylallyl),][DDQI 
(lOa) (dark red microcrystalline solid, 64% yield) and 
[Cp*Ta(l-phenylallyl>,I[TCNQ] (lob) (deep red micro- 
crystalline solid, 90% yield). The presence of the TCNQ 
anion radical of lob was confirmed by the comparison 
of the UV spectrum with that of the reported anion 
radical [35]. ESR spectra of 10 in the solid state dis- 
played a signal assignable to radical anions of DDQ 
and TCNQ [36], but no signal due to Ta’“, d’, was 
detected. Mononuclear paramagnetic Ta’” complexes 
such as TaCl,H,(PMe,), [37] and Cp*TaCl,(PMe,l 
[38] showed ESR spectra with g values around 1.95- 

1.99. Thus, we believe that the signal of Ta”’ is super- 
imposed on that of anion radicals. 

3. Experimental section 

3.1. General 
All manipulations of air- and moisture-sensitive 

compounds were carried out by the use of standard 
Schlenk techniques under argon atmosphere. All sol- 
vents were purified by distillation under argon after 
drying over calcium hydride or sodium benzophenone 
ketyl. Cp*TaCl, was prepared according to the litera- 
ture 1391. 

Nuclear magnetic resonance (‘H and 13C NMR) 
spectra were measured on a JEOL JNM-EX-270 and a 
JEOL JNM-GSX-400 spectrometers. Mass spectra were 
recorded on a JEOL SX-102 spectrometer. Elemental 
analyses were performed at the Elemental Analysis 
Center of Osaka University. All melting points were 
measured in sealed tubes and were not corrected. 

3.2. Preparations 

3.2.1. [Cp’Ta(C,H,),j, 
To a solution of Cp’TaCl, (1.81 g, 3.95 mmol) in dry 

THF (30 ml) cooled at - 78°C was added ally1 Grig- 
nard reagent (18.1 mmol) in ether (18 ml). The reac- 
tion mixture initially turned to deep reddish violet and 
then to green. All volatiles were removed under re- 
duced pressure, and the resulting residue was then 
extracted with hexane (70 ml). The solution was con- 
centrated to ca. 10 ml and cooled to - 20°C overnight 
to give 1 (41 mg, 3% yield) as dark green powder, mp. 
104-107°C; mass spectrum (“‘Ta) m/z; 1197 CM+); 
UV (THF) A,, 580 nm. ‘H NMR (C,D,) for a major 
isomer (70 _ 80%): 6 4.62 (m, H,), 1.86 (s, Cp*), 0.93 
(m, Hi,,), -0.79 (m, H1a,,i>; 13C NMR (C,D,): 6 
12.01 (C,Me,), AC-H) = 127 Hz), 54.05 (C,, J(C-H) 
= 149 Hz), 73.56 CC,, J(C-H) = 170 Hz), 101.28 
(C,Me,l. 

3.2.2. Cp’Ta(l-phenylallyl), (2) 
To a solution of Cp*TaCl, (1.21 g, 2.64 mmol) in dry 

THF (20 ml> cooled at - 78”C, was added a solution of 
l-phenylallyl Grignard reagent (10.7 mmol) in ether (70 
ml) via a syringe. The mixture was slowly warmed to 
room temperature and stirred overnight. During this 
period, the solution changed from deep orange to 
green, and finally to deep brown. The volatiles were 
then removed under reduced pressure, and the residue 
was extracted with a mixture of toluene and hexane (40 
ml>. The extract was filtrated through a pad of Celite 
and the filtrate was concentrated to ca. 5 ml under 
reduced pressure to afford 2 as red-brown microcrys- 
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3.3.6. Dimerization of ethyl isocyanate catalyzed by 2 Anal. Calcd. for C,H,,N,Ta(H,O),: C, 58.11; H, 5.49; 
Ethyl isocyanate (0.7 ml, 9.08 mmol) was added to a N, 6.78. Found: C, 58.12; H, 5.15; N, 6.96%. 

stirred solution of 2 (52 mg, 0.09 mmol) in toluene (2 
ml) at room temperature. After the reaction mixture 
was stirred at room temperature for 12 h, the solution 
turned dark in colour. After evaporation of all volatiles, 
the resulting residues were separated by preparative 
TLC to give 1,6-diphenyl-l$-hexadiene (65 mg, 83% 
yield) and diethylurea (0.12 g, 63% yield). Diethylurea: 
mp 75°C (lit. [44] 75-75.3”(Z); IR (nujol) 3308s 1613s 
cm-l; mass spectrum m/z; 116 CM+). 

Similarly, the dimerization of cyclohexyl isocyanate 

3.3.10. Reaction of 2 with DIMS0 
Thoroughly dried dimethylsulfoxide (170 mg, 2.14 

mmol) was added to a solution of 2 (393 mg, 0.714 
mmol) in 15 ml of toluene at room temperature and 
stirred for 2 h. The resulting solid was filtered, washed 
with hexane, and dried in Uacuo to give an orange 
powder of Ta(C,Me,Xl-phenylallyl),(Me,SO) (0.23 g, 
51% yield). Anal. Calcd. for C,,H,,OSTa: C, 57.32; H, 
6.25. Found: C, 56.94; H, 5.85%. 

and of tert-butyl isocyanate was catalyzed by 2 in 
toluene to give dicyclohexylurea and di(tert-butyllurea 
in 89 and 90% yields, respectively, upon hydrolysis. 
Each reaction afforded 3a in 59 and 81% yields, re- 
spectively. 

Dicyclohexylurea: mp 228°C (lit. [45] 227-228°C); IR 
(nujol) 3308s, 1641s cm-‘; mass spectrum m/z; 224 
CM+). Di(tert-butylhirea: mp 240°C (lit. [461 242°C); ‘H 
NMR (CDCl,) S 1.33 (s, tert-Bu), 3.92 (bs, NH); IR 
(nujol) 3326s, 1621s cm-‘; mass spectrum m/z; 172 
CM+). 

3.3.7. Reaction of 2 with RNCS 

To a suspension of Ta(C,Me,Xl-phenylallyl), 
(Me,SO) (0.23 g, 0.37 mmol) in toluene (10 ml) at 
room temperature was added pinacol (87 mg, 0.73 
mmol). Stirring for 1 h at ambient temperature made 
the precipitate dissolve and the colour change from 
orange to pale yellow. The solvent was removed under 
reduced pressure to give Ta(C,MeSXC,H,,O,), as 
colourless powder in 60% yield, together with 3-phen- 
ylpropene in quantitative yield. Recrystallization of the 
product from a mixture of toluene and hexane gave 
colourless crystals of Ta(C,Me,XC,H,,O,),. m.p. > 
300°C. ‘H NMR (C,D,, 30°C) S 2.11 (s, C,Me,), 1.53, 
1.32 (s, CH,). Mass spectrum m/z, 548 CM+). 

A mixture of 2 (0.05 g, 0.10 mol) with excess PhNCS 
(1.1 ml) in toluene (2 ml) was stirred at room tempera- 
ture. After 12 h, all volatiles were removed under 
reduced pressure. The produce was separated by 
preparative TLC. Elution with toluene affords 3a in 
81% yield. Similarly, treatment of 2 with ethyl isothio- 
cyanate and cyclohexyl isothiocyanate gave 3a in 85 
and 92% yields, respectively. 

3.3.8. Reaction of 2 with 2,3-dichloro-5,6-dicyano- 
1, I-benzoquinone 

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ> 
(63 mg, 0.28 mmol) was added to a stirred solution of 2 
(150 mg, 0.28 mmol) in 15 ml of THF at room tempera- 
ture for 2 h. The resulting solid was filtered, washed 
with hexane, and dried in uacuo to give a dark brown 
powder of [Ta(C,Me,Xl-phenylallyl),I[DDQI [47l in 
64% yield. mp > 280°C; ESR g = 2.0037 (solid, 25°C); 
Anal. Calcd. for C,,H,,Cl,N,02Ta(H,0),: C, 53.15; 
H, 4.58; N, 3.44. Found: C, 52.75; H, 4.65; N, 3.39%. 

3.3. Reaction of 2 with pyridine-N-oxide 
To a stirred solution of 2 (245 mg, 0.445 mmol) in 15 

ml of toluene was added pyridine-N-oxide (90.7 mg, 
0.954 mmoll. The reaction mixture was stirred at room 
temperature for 2 h. The resulting solid was filtered, 
washed with hexane, and dried in uacuo to give an 
orange powder of Ta(C,Me,)(l-phenylallyl), 
(C,H,NO) (0.12 g, 41% yield), m.p. 148-150°C. To a 
suspension of the obtained complex (6.8 mg, 0.011 
mmol) in benzene-d, (0.5 ml) at room temperature was 
added pinacol (4.9 mg, 0.041 mmol). The ‘H NMR 
spectrum indicated that Ta(C,Me,)(C,H,,O,l,, pyri- 
dine-N-oxide, and 3-phenylpropene were present in ca. 
1 : 1 : 2 molar ratio, suggesting the formula of 
Ta(C,Me,Xl-phenylallyl),(C,H,NO). 

3.4. X-ray structure determination of 2 

3.3.9. Reaction of 2 with 7,7,8,8- Tetracyanoquinodi- 
methane 

7,7,8,8_Tetracyanoquinodimethane (TCNQI (40 mg, 
0.19 mmol) was added to a stirred solution of 2 (106.5 
mg, 0.19 mmol) in 30 ml of THF. After 2 h 
[Ta(C,Me,Xl-phenylallyl),][TCNQ] was obtained in 
90% yield. mp > 280°C; ESR g = 2.0030 (solid, 25°C); 

The X-ray study (Table 2) was carried out with a 
Rigaku AFC-5R automatic diffractometer. Intensity 
data were obtained by 8-20 scans with MO Kcu radia- 
tion (A = 0.71069). Lattice parameters were obtained 
by a least-squares analysis of 20 reflections scattered in 
reciprocal space, obtained from the automatic center- 
ing routine. Intensities of three standard reflections 
were monitored after every 100 data points. Back- 
ground was measured before and after each peak. The 
solution and refinement of the structure were carried 
out on a VAX computer using the TEXSAN package, 
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TABLE 2. Crystal data and data collection parameters for complex 2 

Formula C2sH3,Ta 
Formula weight 

Crystal system 

Space group 
0 

a, A 

b,W 

c, .& 

P, deg 
Z 

v, K 

d calcd3 g cm-3 

Diffractometer 

Radiation 

Reflections measd 

Crystal size, mm 

Abs. coeff, cm - ’ 
Scan mode 

Temp, “C 

Scan speed, deg/min 

Scan width, deg 

Bkgd count, set 

2q man7 da 
Data collected 

Unique data 

(I> 3fl(I)) 
No. of variables 

R 

R, 
GOF 

A, e k’ 

550.52 

monoclinic 

CC 

21.996(5) 

8.995(4) 

16.863(5) 

135.850) 
4 

2324(2) 

1.573 

Rigaku AFC 5R 

MO Ka (A = 0.71069 A, 

+ h, + k, + 1 

0.3 x 0.4 x 0.5 

46.84 

20-w 

25 

5 

1.2+0.5 tan fI 

5 

65 

3613 

2753 

260 

0.026 

0.029 

1.16 

1.22 (max.) 

- 0.54 (min.) 

which includes subroutines for direct .methods, differ- 
ence Fourier maps, least squares refinements, and dis- 
tance and angle calculations. The data were corrected 
for Lorentz and polarization effects. Absorption cor- 
rection was made by standard method using azimuthal 
scan of a reflection having near 90”. 

A Patterson map revealed the positions of the tanta- 
lum atom, and subsequent least-squares refinements 
(full-matrix) and difference Fourier maps gave the po- 
sitions of all non-hydrogen atoms. All non-hydrogen 
atoms were refined anisotropically. Hydrogens were 
included in the last refinement at the positions deter- 
mined by difference maps (hydrogen atoms of ally1 
moieties) and at calculated positions, but were not 
refined. 
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